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Outline

● The EERI Field Reconnaissance Report (new)

● Event Overview

● Building Code Background

● Building Stock Background

● Damage Distribution

● Structural Damage

● Wood Building Deficiencies 

● Non-structural Damage

● MEP and Equipment Damage (new)

● Bridge System Damage 

● Road Infrastructure Damage

● Insights into Seismic Resilience (new)

● General BIG Lessons Learned (new)

● System-specific Lessons (new)

● Seismic Risk Mitigation Recommendations (new)
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EERI Field Reconnaissance Report

Hassan, W. M., Thornley, J., Rodgers, J., Motter, C., 2021
http://www.learningfromearthquak

es.org/2018-11-30-anchorage-

alaska/index.php?option=com_co

ntent&view=article&id=72

Wael Hassan: Report Lead, EERI Team Co-lead, Structural Lead
John Thornley: EERI Team Co-lead, Geotechnical Lead
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Event Overview

● Shaking intensity was 50-60% Design Earthquake: WE WERE LUCKY

● Minor structural damage (engineered/newer buildings)

● Moderate structural damage (non-engineered/older)

● A few incipient collapse structures (mostly non-engineered/older)

● No full collapses or fatalities. A few serious injuries

● Most serious damage was in Eagle River/Northern Communities 

● Shorter period low-rise buildings were more affected

● Geotechnical related damage was very common

● Moderate-heavy non-structural damage, even in some new buildings

● Widespread piping/equipment and water damage and flooding

● Strong aftershocks exacerbated damage (latest 2.5+ years post-event)

● Widespread road infrastructure damage

● Minor damage to bridges (mostly soil related), shaking: 30% DBE in bridges

● Good instrumentation in Anchorage, lacking elsewhere
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Building Code Background

● Changes Following 1964 M9.2 Earthquake

● NEHRP 1977

● Seismic details: mid-eighties to 1990 (UBC 1979)

● Currently IBC 2018 (IBC 2012 at the time of Nov 2018 event)

● Local Alaska Building Code Amendments

● Level of enforcement varies

● Construction boom 1975-1987: poor construction allover 

● Pre-1990, loose to no code enforcement in Anchorage 

● Post-1990: Anchorage Muni Safety Area (ABSSA) enforced

● Outside ABSSA: Applying structural engineering is optional!!!

(no permit/design/inspection/code required or enforced!)
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Building Code Background

● Anchorage Area Building Stock
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Building Stock Background

● Anchorage Area Building Stock

27.8%72.2%
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Damage Distribution

MOA Inspection Data

● Anchorage: 

Requests: 2228 (2%)

Inspected: 1298 (1.18%)

Red: 28 (0.025%)

Yellow: 606 (0.55%)

● Northern Communities:

(outside ABSSA) 

Requests: 1068 (7.43%)

Inspected: 851 (5.92%)

Red: 62 (0.43%) 

Yellow: 252 (1.75%) (3 times ANC)
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Damage Distribution

●Anchorage

●Northern Comm.
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Damage Distribution 

● Mat-Su Valley
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Structural Damage

● Most serious damage in non-engineered and pre-1990 buildings 

● Most damage was in CMU and wood buildings

● Damage was remarkably more severe outside ABSSA

● Widespread soil failure-related structural damage, especially in single-family

● Severe damage/partial collapse: few non-engineered single family houses

● Incipient collapse at a few CMU buildings

● CMU wall-wall and wall-floor connections damage (even in post 1990s)

● Shear cracks in concrete girders, shear walls, slab flexural cracking, PS joint

● Out-of-plane masonry wall buckling/deformation

● CMU wall diagonal cracks and base crushing

● Wood shear wall damage  

● Joist unseating in steel and wooden floors off walls

● New concrete and steel buildings did well (minor to negligible cracks, yield)

● All instrumented buildings did not exhibit structural damage
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Common Wood Building Deficiencies 

● Absence of strapping or bolting of the superstructure to the foundation

● Absence of blockings in floor joists

● Under-design/insufficiency of floor joists

● Uncompacted or poorly compacted fills, leading to differential settlement

● Absence of shear wall nailing or using cheap insufficient nailing or staples

● Under-designed or un-designed shear walls (wall thickness and/or nailing)

● Splitting and separation of sill plates

● Crawl space connection problems

● Absence of defined shear walls to enable installing large windows

● Absence of defined fasteners and tie-backs for ledgers

● Tall foundation walls without restraint

● Variable-height unsupported foundation posts on steep grade parcels

● Buildings on hills and slopes were not designed for the geometry

● Extensive use of staples instead of nailing throughout entire building

● Absence of bracing walls to detached garages
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Non-structural Damage

● Sheetrock/Drywall widespread damage even in new buildings (most common 

and costly to repair) 

● Suspended ceiling grid failure and/or tile falling (very common)

● Heavy wood ceiling panels damage/fall especially common (even new buildings) 

● Glass and façade damage (mostly in low-rise commercial)

● Masonry veneer cracking/failure (all types of building)

● Widespread partition wall damage 

● Lighter nonstructural damage in taller and more flexible newer buildings

● Interface damage to non-structural systems adjacent to ductile structural systems

(deformation incompatibility)
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MEP & Equipment Damage

● Most common, disrupting and costly: water flooding due to firefighting system 

damage (sprinklers, piping, tanks), unrestrained water boilers sliding and 

connection and rigid piping failure, and HVAC glycol leakage

● Post-2003 firefighting systems did better  

● Electric panels, wiring, elevators counterweights, unrestrained electric equipment 

● Gas lines pipe and connection damage

● HVAC and VAV systems damage was widespread and heavy (especially older 

and non-engineered buildings)

● Mechanical room equipment damage due to poor or absent seismic restraints

● Lack of code enforcement of tanks and equipment seismic restraints

● Collision of unrestrained orthogonal/different plane systems

● Short stiff pipe restraining effect

● New seismic gas valves are efficient   
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Bridge System Damage

● 9.7% (155 bridges) of the Alaska bridges are deficient, 12 of which are interstate. 

Of those, 5 aging bridges are heavily-travelled in Anchorage Metro.

● Minor structural damage to Southcentral 243 bridges (mostly soil-failure-related)

● 20 bridges with more significant structural damage needing permanent repairs

● Common structural damage: girder shifting, shear key cracking, light-to-severe 

cover spalling and damage of shear keys, bent anchor bolts, bearing large 

deformation, grout pads under bearings, pile cap spalling, wing wall cracks 

● Structural and foundation damage caused by ground failure, abutment cracks, 

approach settlement, settlement of abutments, wing wall settlement, soil cracks, 

hider wall cracks, culvert failure, rail misalignment, and slope tension cracks.

● Recorded ground acceleration was about 30% of the design acceleration of bridges
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Road System Damage

● Widespread damage to roads and highways. 

● 58 damage locations on the road system (8 of which were most severe)

● Liquefaction-induced settlement of roadways was not common but did occur

● Several significant slope failures occurred. 

● Major slope failures from the 1964 Great Alaska Earthquake did not remobilize

● Several other slope failures: near Milepost 24 Glenn HW, Milepost 50 Seward 

HW, slopes near Alaska Railroad tracks near Rabbit Creek/South Anchorage.

● Spring thawing slumped embankments  pavement damage & road settlement.

● Minnesota Drive northbound in Anchorage and Vine Road in Wasilla.
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Insights into Seismic Resilience

● Roads and Bridges

AK DOT&PF
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Insights into Seismic Resilience

● Schools

Hassan et al. 2021
Gruening Middle just opened Sep 2021
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Insights into Seismic Resilience

● Lifelines

Hassan et al. 2021
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General BIG Lessons Learned 

● We were lucky this time!

● Alaska may not be that prepared for the “Big One.”

● It was only 60% DBE: Don’t get a false feeling of seismic safety! 

● Enforcing building codes saves life and limb, SHOULD NEVER BE OPTIONAL!!

● School safety program seems working, but their buildings should be reviewed.

● Geotechnical related damage is overlooked in building and bridge design.

● Pre “1990” buildings and non-engineered buildings: TICKING BOMBS.

● CMU wall connections: revise/check even post 1990 construction.

● Non-seismically restrained/designed non-structural systems very vulnerable. 

● Research studies needed for existing buildings’ seismic vulnerability in Alaska.
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General BIG Lessons Learned 

● MCE Resilience studies/upgrades of essential/emergency facilities needed.

● Most building stock in Southcentral Alaska may be earthquake vulnerable.

● Buildings outside the Anchorage ABSSA are especially dangerous. 

● We need not re-invent the wheel: Can use other states’ mitigation experience.
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System-specific Lessons Learned: EERI Report 

● Geotechnical: Chapter 3

● Structural (RC, URM, CMU, Steel, Wood): Chapter 4

● Instrumented Buildings: Chapter 4

● Non-structural: Chapter 5

● Schools: Chapter 6

● Hospitals: Chapter 7

● Bridges and Road Infrastructures: Chapter 8

● Lifelines: Chapter 9

● Summary of Lessons Learned and Mitigation Recommendations: Chapter 11
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Seismic Risk Mitigation Recommendations 
Policy Legislations Needed NOW!

Short term

A. ALL New Construction and Upgrades: 

 Mandatory building permit, design/inspection legislation, allover Alaska

EX: State of Washington State Building Code Act(RCW 19.27): “Adoption of building codes 

initially was the discretion of individual cities and counties Passage of the State Building Code 

Act in 1974 mandated the use of 1973 UBC building codes throughout the state. Since this 

time, local jurisdictions can make amendments to the code but changes cannot diminish code 

requirements.”

 All Upgrades/Additions must conform to IBC 2018

 Mandatory geotech. reports and soil improvement

 Independent plan review and inspection (funded through permits)

 Seismic design required of non-structural components in essential facilities

 Seismic restraint of heavy equipment/water boilers enforced
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Seismic Risk Mitigation Recommendations 
Policy Legislations Needed

Short term

B. Existing Non-engineered Publicly Accessible Buildings:

 Serious Public Safety Hazards

 Immediate legislation: mandatory seismic structural assessment & retrofit

Can be phased and tiered using FEMA P-154 and ASCE 41-17

Tier 1 and Tier 2: Owner’s expense

Tier 3: Partially subsidized by State or federal.  

 Retrofit those at risk

at owner’s expense (encouraged by state or federal subsidy/tax incentive OR:

 Mandatory Visible Posting

“Building Prone to Seismic Collapse, Enter at Own Risk”

 Within One year of ordinance: submit adequate safety assessment report

OR: Retrofit or Demolition plan timeline
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Seismic Risk Mitigation Recommendations 
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Seismic Risk Mitigation Recommendations 

Rich Literature on Ways to Encourage the Public:  

Berkeley 2012
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Seismic Risk Mitigation Recommendations 
Policy Legislations Needed

Short term

C. Existing Non-engineered (OR pre-UBC 1979) Single Family Houses

 Encourage using homeowner seismic safety guides (e.g. FEMA 530)

Through public awareness, outreach, education, Muni assessment help

 Encourage simple inexpensive retrofit measures.

Munis facilitate expedited permits for these retrofits and inspect them

State and federal subsidies and tax incentives

 Tie future federal and state earthquake assistance to retrofitted buildings
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Seismic Risk Mitigation Recommendations 
Policy Legislations Needed

Short term

D. Existing Pre-UBC 1997 Older Engineered Essential Facilities and 
“Alaska Critical Infrastructure”

 80% of Anchorage Bowl building stock was constructed before 1997.

 Alaska currently has only three legislations for seismic hazard mitigation. 

none for risk mitigation in existing structures vulnerable to seismic collapse

 Emergency planning/loss scenarios under the MCE, current seismic 
vulnerability of essential/emergency facilities/publicly owned old buildings

Pre-Northridge steel, gravity RC columns, URM, non-ductile concrete, non-
ductile CMU, soft/weak story  

 Includes all “Alaska Critical Infrastructure”

Public schools, educational facilities, hospitals with acute care units, fire and 
police stations, law enforcement agencies, high-occupancy buildings, 
airport and port facilities, Risk Category III or IV structures
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Seismic Risk Mitigation Recommendations 
Policy Legislations Needed

Short term

D. Existing Pre-UBC 1997 Older Engineered Essential Facilities and 
“Alaska Critical Infrastructure”

Pre-Northridge: RC SMRFs with Gravity Column non-seismic details
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Seismic Risk Mitigation Recommendations 
Policy Legislations Needed

Short term

D. Existing Pre-UBC 1997 Older Engineered Essential Facilities and 
“Alaska Critical Infrastructure”

Pre-Northridge: Steel SMRFs welded connections
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Seismic Risk Mitigation Recommendations 
Policy Legislations Needed

Short term

D. Existing Pre-UBC 1997 Older Engineered Essential Facilities and 
“Alaska Critical Infrastructure”

Non-ductile concrete
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Seismic Risk Mitigation Recommendations 
Policy Legislations Needed

Short term

D. Existing Pre-UBC 1997 Older Engineered Essential Facilities and 
“Alaska Critical Infrastructure”

Soft-story partial collapse (not only in wood buildings!)
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Seismic Risk Mitigation Recommendations 
Policy Legislations Needed

Short term

D. Existing Pre-UBC 1997 Older Engineered Essential Facilities and 
“Alaska Critical Infrastructure”

 Mandatory RVS with FEMA P-154   Pass: OK,   OR Fail: ASCE 41 Tiers

 How to fund RVS and Tier Evaluation?

State for state-owned buildings, owner (with subsidies) for private ones 

 Non-structural systems seismic resilience assessment under MCE is needed

 Follow other states’ experience in Seismic Rehabilitation

Oregon Statewide Seismic Needs Assessment Using (RVS), [St. Bill 2 (2005)]

Oregon companion bills to fund grants [Senate Bills 3, 4, and 5 (2005)]

California Earthquake Safety and Public Buildings Rehabilitation Bond Act 
(passed in 1990 (Prop. 122and Government Code §§ 8878.50‐8878.52)) 

 Consult Established Policy Recommendations

WSSPC, EERI, NEHRP, FEMA
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Seismic Risk Mitigation Recommendations 
Policy Legislations Needed

Short term

E. Existing Older Engineered EQ-Vulnerable Private Structures 

 Pre- UBC 1979 buildings and Pre-UBC 1997 steel buildings, other than above

Commercial, residential, sport, office, etc. 

 Seismic Vulnerabilities? 

non-ductile concrete, non-ductile CMU, pre-Northridge welds, URM, soft  
/weak story, gravity system detailing, structural irregularities

 A bill/ordinance to enforce seismic assessment (and later retrofit) 

 Can follow: City of Los Angeles, 2015 Ordinance No. 183893

enforced assessment/retrofit of all pre-1978 15,000 soft story wood-frame 
buildings and 1,500 non-ductile concrete buildings. 

 In two years: owners submit assessment report

 Funding?

Assessment at owner’s expense with state and federal subsidies as needed.
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Seismic Risk Mitigation Recommendations 

NSF-NEES Grand Challenge Research Project ($3.6M)

Mitigation of Collapse Risk of Older Concrete Buildings, 2007-2014

 UC Berkeley (Inventory, BC Joints tests & models, Fragility)

 UCSD (Floor membrane tests and models)

 UCLA (Field tests, SFSI)

 SJSU, U Washington (Inventory, Loss estimation)

 Purdue (Column tests and models)

 University of Kansas (Column tests and models)

 University of Puerto Rico (Joint shear models)

PI: Jack Moehle, UC Berkeley

PhD researcher/Post-doctor: Wael Hassan, UC Berkeley

 10 co-PIs, 30 PhDs and post-docs)
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Seismic Risk Mitigation Recommendations 

Los Angeles will have the nation's toughest earthquake safety rules 

NSF-NEES Grand Challenge Research Project

Mitigation of Seismic Collapse Risk of Older Concrete Buildings, 2007-2014

2015
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Seismic Risk Mitigation Recommendations 

https://www.ladbs.org/services/core-services/plan-check-permit/plan-check-permit-special-

assistance/mandatory-retrofit-programs/non-ductile-concrete-retrofit-program
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Seismic Risk Mitigation Recommendations 
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Seismic Risk Mitigation Recommendations 

https://www.ladbs.org/services/core-services/plan-check-permit/plan-check-permit-special-

assistance/mandatory-retrofit-programs/soft-story-retrofit-program
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Seismic Risk Mitigation Recommendations 
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Seismic Risk Mitigation Recommendations 

https://www.ladbs.org/services/core-services/plan-check-permit/plan-check-permit-special-

assistance/mandatory-retrofit-programs/soft-story-retrofit-program

L.A.
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Seismic Risk Mitigation Recommendations 

SO!

Prior to/In Parallel to Policy Legislations:

Short term

F. RESEARCH NEEDED 

 FUND RESEARCH: PRIORITIZE AND CATEGORIZE BUILDINGS

- Cheaper

- More efficient 

- Don’t need RVS and ASCE 41 TIER in ALL buildings, just the vulnerable
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Seismic Risk Mitigation Recommendations 
Policy Legislations Needed

Long term

A. New Construction and Upgrades

 Must follow IBC 2021 by the end of 2022, allover Alaska

State/city councils/communities should utilize the new FEMA Building Resilient 
Infrastructure & Communities (BRIC) program to regulate the new legislations.

B.  Existing Non-engineered Publicly Accessible Buildings 

 Tax incentives, state/federal assistance programs, FEMA BRIC program, a 
special seismic retrofit grant (similar to Oregon’s), or permit fees

 Partial subsidy for long-term retrofit plans

 By 2028, seismic retrofit or demolition of should be completed.
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Seismic Risk Mitigation Recommendations 
Policy Legislations Needed

Long term

C. Existing Non-engineered (OR pre-UBC 1979) Single Family Houses

 By 2023: State legislation to enforce seismic assessment should be issued.

 By 2026: Owners should submit structural plans/assessment reports 

with adequate capacity, or seismic retrofit or demolition plans.

 Assessment and Retrofit Funding?

Tax incentives, state/federal assistance programs, FEMA BRIC program, 
special seismic retrofit grant, permit fees: partial retrofit subsidy

 By 2033: all seismic retrofits or demolitions should be completed.
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Seismic Risk Mitigation Recommendations 
Policy Legislations Needed

Long term

D. Existing Pre-UBC 1997 Older Engineered Essential Facilities and 
“Alaska Critical Infrastructure”

 Tailored state seismic retrofit plan: (MUST BE INFORMED BY RESEARCH)

Prioritize retrofit based on seismic risk, budget, impact of building failure

 Can be implemented incrementally over 2022-2030. 

An example: FEMA 395, Incremental Seismic Rehabilitation of Schools

 By 2030, retrofit to achieve Life Safety performance, 

or change use: no longer an essential facility or Alaska Critical Infrastructure.
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Seismic Risk Mitigation Recommendations 
Policy Legislations Needed

Long term

E. Existing non-engineered/Older Engineered Private Buildings

 Based on new legislation for (pre- UBC 1979 buildings and pre- UBC 1997 
steel buildings), a seismic retrofit plan should be implemented 

(CAN BE INFORMED BY RESEARCH)

Prioritize retrofit based on seismic risk, occupancy, impact of building failure

 Can be implemented incrementally over 2022-2033. 

An example: FEMA 395, Incremental Seismic Rehabilitation of Schools

 By 2033, 80 percentile most vulnerable should be retrofitted or demolished
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• General Existing Buildings Issues:

 All CMU connections inspected/reviewed 

 Known structural deficiencies (non-ductile, soft/weak story, URM, pre-
Northridge welds, etc.)

 Equipment/Liquid storage units restraints code provisions update

 Problematic soil issues/ liquefaction maps

 Pre-1990 non-seismic details city vulnerability studies

 Non-structural issues

 Post-earthquake thorough structural assessment triggers (age, PGA, soil, etc) 

 Non-engineered buildings: (Staged Improvement) 

Homeowner/contractor seismic safety improvement leaflet

Seismic review/upgrade incentives/tax relief/subsidies

Seismic upgrade funds

Seismic upgrade ordinance: enforced by 2030-2033   

Seismic Risk Mitigation Recommendations
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Seismic Risk Mitigation Recommendations 
Policy Legislations Needed

Recommendations to Improve Transportation Seismic Safety/Resilience

 Alaska should invest in seismic upgrade of critical/aging roads and bridges 
(prioritize seismic retrofit based on risk, budget, and projected impacts)

 Uncompacted/poorly compacted fill problems: identify and fix.

 Need informed decisions in emergency planning under the MCE on the seismic 
vulnerability of essential/critical roads and bridges designed with old codes

 Alaska is encouraged to follow other states experience in transportation seismic risk 
mitigation policy.

 Consult policy recommendations by WSSPC, EERI, NEHRP, and FEMA

 Seismic retrofit plan can be incremental based on budget over the period of 2021-
2035. An example incremental seismic retrofit plan is FEMA 395

 By 2030, transportation should be upgraded to an acceptable seismic safety level.

 Transportation system redundancy is a critical need for some parts of SC Alaska. 

 DOT is encouraged to utilize novel bridge materials/systems such as self-centering 
bridges, base-isolation, UHPC, and shape-memory alloys.    
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Seismic Risk Mitigation Recommendations 

Policy Legislations Needed

Recommendations to Improve SCHOOL Seismic Safety/Resilience

 Older schools must be seismically evaluated and strengthened or replaced if needed 
Tools such as FEMA P-154 RVS, ASCE 41 Tiers and FEMA 395 can be used

 The State should seismically upgrade all older schools built prior to IBC-2000.

 Upgrading pre-UBC 1979 schools and pre-UBC 1997 steel frame schools is essential 
to avoid catastrophic losses during future strong earthquakes.

 Schools identified as post-earthquake shelters for the public must be updgraded
to essential facilities seismic performance level  

 More attention must be paid to nonstructural components seismic design.
The majority of damage and most injuries were due to nonstructural failures.

 Nonstructural damage even below 60% of the DBE may not be “Life Safe.”
Examples: CMU blocks dislodged. Heavy ceiling tiles falling from high elevations.

 Seismically designed/upgraded schools reduce 3Ds (damage, downtime and death)

 Anchoring heavy shelving and furniture should be required in all schools. 

 All schools should have preparedness programs, tested with drills.
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Seismic Risk Mitigation Recommendations 

Policy Legislations Needed

Recommendations to Improve HOSPITAL Seismic Safety/Resilience

 Very heavy nonstructural/water damage under MCE event seems a serious concern

 Serious structural damage in older hospitals is a concern during an MCE scenario.

 Functionality of all region’s ERs after an MCE event is a concern.

 Follow-up hospital earthquake impact surveys are still needed to be performed.

 Hospital interviews did not imply the presence of full-functioning post-earthquake 
response plans. Chile’s hospital earthquake response procedure is recommended.

 Backup communication plans that assume network failures do not seem to be in 
place in every major hospital. 

 Mat-Su Regional Medical Center is not redundant. Post-earthquake communication 
and patient and medical supply transport plans should be in place.

 All hospital response plans should consider severe weather conditions in the winter.

 To improve hospital seismic performance, Alaska can use: 

NIST Special Publication 1224       California (OSHPD) guides

Oregon Resilience Plan 2013          Several FEMA hospital earthquake safety guides

.
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Seismic Risk Mitigation Recommendations

● Need more details and insights?

● EERI Field Reconnaissance Report, Hassan et al. 2021

https://www.researchgate.net/publication/353958714_EERI_Earthquake_Reconnai

ssance_Report_M71_Anchorage_Earthquake_on_November_30_2018

http://www.learningfromearthquakes.org/2018-11-30-anchorage-

alaska/index.php?option=com_content&view=article&id=72

● Earthquake Spectra Papers: 

Schools  Rodgers et al. 2021

Structural  Hassan et al. 2021

Non-structural  Hassan et al. 2022

● Contact me: Dr. Wael Hassan, wmhassan@alaska.edu
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Thank You

ACT NOW BEFORE THE BIG ONE


